ABSTRACT In order to solve the problem of safe transmission of telemedicine information in complex field environment, a new communication protocol of wireless sensor network (WSN) is designed in this paper. After the design of the communication protocol, the typical field environment is selected for testing. Based on the propagation characteristics of the wireless channel, the propagation model and attenuation law of WSN radio frequency signal in complex field environment are studied under the premise of fixed communication rate, antenna gain, communication distance, and other parameters. The errors in the actual test are corrected in time to guide the deployment of WSN. The experimental data are fitted by the least square method and linear regression analysis. The experimental results show that the channel models of telemedicine information wireless signals in complex field environment are quite different in different altitudes and a different climate space.
I. INTRODUCTION
Wireless Sensor Networks (WSNs) [1] refer to the networks organized by sensor nodes installed in the environment in the form of wireless communication. All sensor nodes in the network need to complete the data acquisition work, then the collected data are transmitted to the network through the wireless sensor network, and finally all collected data are sent to specific applications. The basic structure of sensor node equipment includes sensors, data processors and wireless communication devices, which can measure various signals in the surrounding environment.
As a new and widely used wireless network information system, WSN provides strong support for field distributed transmission systems such as agriculture, military, medical treatment and natural environment monitoring by virtue of its remarkable advantages such as no-wiring, network selfThe associate editor coordinating the review of this manuscript and approving it for publication was Sabah Mohammed. organization, low power consumption, strong intelligence and strong scalability.
In the field deployment environment, the topographic environment is more complex, the mountain slopes of different gradients fluctuate and the obstacles of different heights are sparsely distributed, such as soil heap, weeds, trees, vegetation of different depths and widths are scattered, and the adverse environmental and climatic factors are also included. These uncertainties will affect the signal propagation in wireless sensor networks. Deploying a large number of wireless sensor network nodes on the ground will inevitably result in poor network connectivity and link quality, because this situation can not be predicted and estimated by using the existing ideal wireless channel propagation model in the ideal environment.
At present, the wireless sensor network system in the complex field environment is far from mature application. Among them, wireless networks, wireless nodes and wireless signals are vulnerable to many uncertain factors such as environment, climate, topography and landform. At the same time, there are many unstable factors such as time variability and spatial variability, which lead to the challenges of efficient transmission of wireless signals and accurate data acquisition. Therefore, in order to deploy low redundancy and high performance wireless sensor networks for transmission of telemedicine information in complex field environment, we must have a more realistic understanding of the channel model in the application environment.
II. RELATED WORKS
With the gradual application of WSN [2] - [5] , the research on the propagation characteristics of wireless channels in various field environments has attracted more and more attention. Wang et al. [6] took the path loss of wireless channel in grassland surface environment as the experimental object and measured the propagation characteristics of wireless signals. Erdene-Ochir et al. [7] studied the attenuation model of WSN signal in orange orchard. 433 MHz and 2.4 GHz carrier frequencies were selected to analyze the attenuation of WSN radio frequency signal in orange orchard based on the effects of continuous radio wave on communication rate, antenna gain, modulation spread spectrum mode, packet length and communication distance.
In the field application of wireless sensor networks, Zhu and Xie [8] constructed a real-time forest fire monitoring system based on ZigBee wireless sensor network. Zhang and Lin [9] proposed an intelligent monitoring system for greenhouse environment based on WSN. Liu et al. [10] developed WSN landslide monitoring system based on Z-stack protocol. Luo et al. [11] designed a dam safety monitoring system based on ZigBee. These are explorations and practices of using WSN to realize information transmission in the field environment.
After years of research and development, telemedicine has developed from remote monitoring using basic communication equipment to efficient transmission of text, image and other multimedia data by wireless sensor networks in the field environment. Telemedicine information transmission was firstly used in aerospace technology in the 1950s, it was realized by radio and satellite communication technology [12] . With the continuous methods of computer network technology and digital communication technology, multimedia data such as image, video and so on have been able to achieve remote communication. Combining telemedicine with computer network technology and digital communication technology, many telemedicine data information transmission schemes have been realized [13] - [15] . However, due to the particularity of telemedicine data, the difficulty of medical data transmission and the network bandwidth is a bottleneck of information transmission, which makes it difficult to collect and transmit telemedicine data, and it leads to many problems in medical data sharing. These problems seriously affect the promotion of telemedicine services to remote areas and limits the development of telemedicine technology. Therefore, in order to reduce the expansion difficulty of telemedicine system, improve the efficiency of telemedicine data sharing and ensure the economy of telemedicine service, it is necessary to find a better method of telemedicine data transmission to solve many problems encountered by telemedicine technology in the field environment.
In order to solve the problem of wireless sensor network planning and rapid deployment in complex field environment, a new communication protocol of wireless sensor network (WSN) is designed in this paper. It has great practical significance for study of the use of wireless sensor networks to transmit field telemedicine information in complex field environment.
III. ANALYSIS OF FIELD PROPAGATION CHARACTERISTICS OF RADIO FREQUENCY SIGNALS BASED ON WSN
When electromagnetic wave propagates in real space, it is vulnerable to factors such as atmosphere and surrounding ground environment (forest, mountain and obstacle). According to the classification of obstacles in the propagation process, the propagation path of electromagnetic wave can be divided into two cases: line of sigh (LOS) and non-line of sigh (NLOS) [16] . When the propagation path is line of sight, there are no obstacles to absorb, reflect and refract energy, it is mainly direct wave propagation.
When there are complex environmental factors such as hillsides, forests and obstacles in the environment, not only the propagation mode of radio wave becomes complex, but also the factors leading to signal attenuation increase. Due to the factors of terrain shelter, obstacle shelter and forest shelter, electromagnetic wave will spread in many forms, such as direct radiation, reflection, refraction and diffraction. In the process of transmission, the factors causing signal attenuation mainly include atmospheric absorption attenuation, rain and fog attenuation, vegetation and forest attenuation, and terrain-induced attenuation. Because of the complexity of the field environment, the factors such as the height of hillside, slope characteristics, vegetation types, vegetation height, vegetation density, environmental temperature, relative humidity of atmosphere and the height and gain of transmitting and receiving antennas will also have some influence on the signal propagation.
According to the attenuation characteristics of signal propagation, the signal propagation modes in this environment can be divided into two types: large-scale signal fading and small-scale signal fading. The so-called large-scale signal fading refers to the fading phenomenon that occurs when the transmitting signal moves over a relatively long distance. The causes of large-scale signal fading include the long-distance path loss of wireless signal transmission and the shadow effect of sparse obstacles on signal propagation. Shadow fading is a kind of fading condition in which the signal can not cover the whole transmission range due to the existence of obstacles. It is also called slow fading as path loss.
A. THEORETICAL MODEL OF PATH LOSS
Free space signal propagation refers to the barrier-free space around the antenna. The energy carried by the wireless com-VOLUME 7, 2019 munication signal will not be absorbed by the obstacles, and there will be no reflection or scattering in the process of propagation. When the wireless signal passes through a certain path, the diffusion of radiation energy will lead to signal attenuation, and the path loss factor n = 2. In practical applications, as long as the space atmosphere of the signal propagation path is isotropic and homogeneous medium, such signal propagation can be considered as free space propagation. The formula for calculating the received signal power at d of the middle distance transmitter in free space can be defined as follows.
The formula for calculating path loss is:
By substituting Eq. (1) for Eq. (2), the formula for calculating path loss in free space can be obtained as follows.
where λ is the wavelength of radio signal, G t is transmit antenna power, G r is receiving antenna power.
B. LOGARITHMIC DISTANCE LOSS MODEL OF DOUBLE FOLDED LINE
Logarithmic distance path loss model is an empirical model which has been repeatedly validated. According to the principle, it can be divided into two types: single folded line and double folded line. The double folded line model considers the influence of direct and ground reflection waves on signal propagation, and the wireless signals reach the receiving point through direct and ground reflection respectively. Because of the path difference between them, additional displacement is generated, it would result in attenuation of synthetic wave. When the propagation distance d > √ h t h r and the reflection coefficient is -1, the formula for calculating the acceptance power of the two-ray model is as follows:
where h t represents the height of the transmitting antenna from the ground, h r represents the height of receiving antenna from ground. By substituting Eq. (4) into Eq. (2), the corresponding formula for calculating path loss in dB form is obtained as follows:
The formula for calculating the path loss of the logarithmic distance model of a single folded line is as follows:
where d 0 is reference propagation distance, P L (d 0 ) is the path loss at reference propagation distance d 0 , n is the path loss factor, X σ is a Gaussian random variable with a mean of zero and a standard deviation of σ . Both P L (d 0 ) and n are related to specific application environments, they are often measured by experimental data analysis. If reference distance d 0 is 1 meter, the Eq. (6) is simplified as follows:
C. SMALL-SCALE PROPAGATION MODEL
In the process of electromagnetic signal transmission, terrain occlusion and unknown obstacle occlusion will occur, it will lead to the shadow area of electromagnetic field in the process of transmission. The wireless signal starts from the transmitter and fades after passing through different obstacles. In this case, the fading is shadow fading. Each single signal is a random variable which obeys normal distribution. At the receiving end, these single signals are superimposed to the receiving end signal which also obeys normal distribution. Combined with Eq. (6), the probability density function is:
According to the nature of normal distribution, when the signal propagation distance is d in the shadow fading environment, the total energy loss P L (d) obeys the normal distribution with P L (d 0 ) + 10nlog (d/d 0 ) as the mean and σ as the deviation.
Small-scale fading is the phenomenon that wireless signals propagate in a small range and close range, and signal amplitude changes and phase fluctuations occur rapidly. The decisive factors affecting the small-scale fading include the velocity of the surrounding objects, the bandwidth of signal transmission, multipath propagation and so on. This kind of fading is uncertain, random and complex. It can only be described by statistical methods in a specific network environment. Wireless sensor nodes deployed in complex field environments generally do not have mobility capability, and the 2.4 GHz band network is implemented by direct sequence spread spectrum (DSSS) technology, which has good confidentiality, flexible channel allocation ability and strong anti-multipath, multi-access interference ability. So the experiment only needs to measure the attenuation of moving objects to signals in the process of signal propagation.
IV. DESIGN AND IMPLEMENTATION OF COMMUNICATION PROTOCOL BASED ON WSN
According to the analysis results of field propagation characteristics of radio frequency signals, a new communication protocol based on WSN is designed in this paper.
A. RULES OF WSN DISTRIBUTED TRANSPORT PROTOCOL
The working process of WSN field distributed transmission system includes dormancy, networking, listing, point selection, reading, reporting and shutdown. That is to say, when there is no data transmission in the transmission system, all devices in the system enter a low-power dormant state, and when there is a transmission task, the device node would be waken up to establish a network for data transmission.
Because WSN data transmission system adopts distributed structure, it mainly includes transmission center, monitoring sub-center, node, sensor and so on. How to ensure the orderly information transmission of many devices, we need to focus on the need analysis of information transmission between the various parts, and establish the relationship between the corresponding parts. The monitoring sub-center needs to acquire the node information of the transmission system, select which node data to read according to the information of the table, and store the transmission data separately. The monitoring sub-center will establish a table as shown in Table 1 to store network information.
In wireless sensor networks, after the sink node establishes a regional network, the sink node will form a node information table according to the order in which the node enters the network. In the sink node, a table as shown in Table 2 is established to store the node information.
RSSI represents signal strength, which is the signal strength between the parent node and the child node after entering the network.
B. APPLICATION LAYER DESIGN OF COMMUNICATION PROTOCOL
In this section, we will focus on the application of data unit structure in communication protocol, the application layer data is defined according to the functions required by upper users, and corresponding measures are taken to reduce information redundancy.
The instructions of some commands used in protocol application are shown in Table 3 .
Accordingly, the command format is NetID='''' NodeID='''' InfoAmount='''' Father='''' RSSI=''''\r\n, where commands end with \r\n indicate that they had been sent, and new commands can be received.
After receiving the command, the coordinator will report the incoming node letter line by line. The format is shown in Figure 1 .
V. EXPERIMENTAL ENVIRONMENT AND TEST SCHEME
The stability and reliability of telemedicine wireless signal transmission in complex field environment are seriously affected by various environmental factors. The main manifestation is that the wireless signal encounters various kinds of interference and loss in the transmission process. For example, in the transmission process, the wireless signal will be affected by topography, vegetation density, the level of transmitting and receiving nodes, environmental climate and so on.
A. TEST FIELD
A relatively wide green area in Medical College of Qingdao University was selected as the test field. The terrain is hilly. The trees planted are mainly poplar and pine trees with abundant leaves. The height of the trees can reach about 12 meters. There are also luxuriant shrubs with a height of 2 meters near the surface of the hillside. The density of the vegetation is uneven and random. The area is about 2 kilometers away from the medical laboratory, so it is closer to the real field environment for the experiment. Test field is shown as Figure 2 .
The experimental hardware includes one PC and twelve ZigBee transceiver nodes, one simulator and one hand-held spectrum analyzer. PC is responsible for data storage. It can also display the current packet error rate, RSSI value and the number of received packets. The ZigBee sending and receiving node device of the test is shown in Figure 3 .
B. TEST RESULTS AND ANALYSIS
After the measurement, the original data are processed, and the mean values of each test point data are obtained to reduce the influence of fast fading on the measurement. The distribution of the path loss and logarithmic distance of the wireless channel is preliminarily determined. When the test data are processed by regression, the linear regression algorithm based on the least square criterion is used to fit and analyze the measured sample data.
From the regression results of Figure 4 , it can be seen that the trend of the double folded line model is similar to that of the experimental results when the antenna height is equal and LOS propagation exists. However, when the antenna height is almost close to the ground and the antenna at the transmitter and receiver are not equal, the NLOS propagation exists because of the vegetation occlusion and the transmitter is close to the ground. The regression curve shows that the existing double folded model is not suitable for such measurements.
VI. CONCLUSION
From the analysis results, it can be seen that the double folded line model is suitable for the environment where the antennas between wireless nodes are close to each other and relatively high off the ground, and LOS propagation exists. However, the single folded line loss model should be adopted for the propagation model with extremely low antenna height and completely close to the ground. At the same time, the model parameters in many typical telemedicine scenarios are given. In this paper, in order to deploy a stable and tolerant telemedicine wireless sensor network in complex field environment, besides establishing a realistic model of channel propagation characteristics in application environment, a simulation platform of wireless sensor network is established based on the model to explore the performance of deployed wireless sensor network.
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